gapless. In an example catalytic process, H 2 oxidation by O 2 into H 2 O over a platinum surface Pt(111), this report explains that a different mechanism must also excite a non-equilibrium population of fast electrons, which arise as charged surface intermediates develop and then discharge during rapid electron transfer events. The empirical evidence and quantum chemistry calculations further reveal that the transition states in the H 2 oxidation are the lowest threshold con- 
I. INTRODUCTION
Evidence has been mounting 1-10 that exothermic redox chemical reactions at high workfunction surfaces of electron-rich noble and late transition metals may excite electrons that propagate for about a few nanometers into the metal at kinetic energies 0.5 − 1.2 eV, but below the workfunction barrier for electron ejection from the metal (4.3 − 5.9 eV 11 ).
If real, these excitations must propagate inside the metal rather than in a vacuum, and therefore are tricky to probe directly in experiments. Claims of their detection are based on Schottky diode experiments (figs. 1(a) and 1(b)). These experiments aim to register these excitations indirectly as a zero voltage bias electric current through high workfunction metal film/semiconductor Schottky diodes with 0.5 − 1.2 eV Schottky barriers 1,6,12 during adsorption-desorption or reactive adsorption-desorption of molecules or atoms at the interface between the gas and the diode at pressures ranging from ultra high vacuum (UHV) to pressures on the order of one bar 1 . A catalytic Schottky diode is a thin film of a catalytic metal that joins a thicker film of a semiconductor so that the Schottky barrier at the interface of the metal and semiconductor passes the current of thermal electrons in the direction from the semiconductor to the metal but not in the opposite direction.
The interpretation of a meaning for this zero-bias current depends on the following hypothesis. If adsorption-desorption, or reactive adsorption-desorption at the interface between the metal and the gas invokes electronic excitations of energy in excess of the Schottky barrier height, then some of these excitations propagate through the metal, surpass the Schottky barrier, and contribute discernibly to a zero bias current. The current flows through the diode from the metal-gas interface to the semiconductor and it does not originate from other sources of zero voltage bias currents, such as the thermoelectric effect in response to a temperature gradient across the semiconductor. Under this hypothesis, the source of the zero-bias current must reside and should be sought within the gas-metal interface.
Ref. 1 has been the first to report that an exothermic catalytic chemical process,
over a 5 nm thick Pt film in Pt/n-TiO 2 diode with the Schottky barrier of 1.1 − 1.2 eV induces a zero-bias current. Equation (1) This report is a theoretical investigation into the basic question: 'How can eq. (1), and similar chemical reactions, contribute to the current measured in the Schottky diode experiments?' Reactive or non-reactive adsorption-desorption at metal surfaces has long been known to involve energy transfer between localized molecular degrees of freedom and delocalized metal electrons in an irremovable way, thus pushing chemistry at metal surfaces away from the left end towards the right end of the 'adiabatic→nonadiabatic' spectrum 12, 16 .
However, the latter has an essentially multifactorial structure, which is a consequence of the existence of very different types of mechanisms of energy transfer between the metal electrons and molecules at a gas-metal interface. These mechanisms are either of the electron-hole pair type or fast electron type (as it will be called).
The qualitative nature of an electron-hole pair mechanism does not depend on anything about an adsorbed molecule except that its localized charge distribution is a source of the time-dependent potential that does not bind electrons at the metal surface. This potential must excite electron-hole pairs, which are low-energy electronic excitations of a bulk metal, since (i) the electron-hole pair spectrum is gapless, and (ii) the excitation energy-dependent coupling constant between the potential and delocalized electron-hole pairs grows strong and singular at low energies (Anderson's orthogonality catastrophe, see, e.g., reviews 17, 18 and references therein). These two conditions apply stably in normal metals, and suffice to ensure a high rate of production of low-energy electron-hole pairs in response to the motion of an adsorbate. The rate of electron-hole pair excitations falls off quickly with the excitation energy. Details of the electron-hole pair mechanism are modified if an adsorbate has internal electronic degrees of freedom, which couple resonantly to the electron-hole-pairs around a minimum on the ground state adiabatic potential, but in essence remain the same 19 .
The electron-hole pair mechanism is a hallmark of a metal's low-energy response to a localized perturbation, but it does not explain the emergence in eq. (1) of excitations whose energy well exceeds the typical energy of an electron-hole pair [20] [21] [22] . A key to the resolution of this apparent paradox lies in the fast electron type of mechanism, which does not depend on anything about the metal except its being a reservoir of delocalized electrons, but instead depends on the capacity of the internal molecular degrees of freedom to accept or donate metal electrons. The molecular excitation spectrum includes both discrete and continuum branches. The discrete excitations bear labels of bound electronic and rovibrational modes, while the continuum branches arise as translational excitations of internally excited molecular fragments. Thresholds, which correspond to vanishing kinetic energy of translationally excited fragments, link the discrete and continuum branches of the spectrum. A molecule in the midst of a reservoir of electrons can localize electrons in bound states if the total energy of the molecule and electrons is below the minimum accessible electron detachment threshold. When the total energy exceeds this threshold, the molecule becomes a source of translationally excited electrons. At the metal-gas interface, such electrons are subject to a time-dependent electric field, which is the response of the metal surface to the molecular charge distribution. This electric field performs work on the electrons in the molecular electron detachment continuum, and the latter, in turn, couples to the continuum of the conduction band electrons in the metal. Thus fast electrons arise as excitations intrinsic to the free-electron branches of the molecular continuum spectrum. Since these fast electrons are not intrinsic excitations in a normal metal, they must eventually lose their energy while giving rise to showers of electron-hole pairs, low energy phonons, and radiation. Thus, the fast electron mechanism depends on four properties: (i) the molecular excitation spectrum features electron detachment thresholds; (ii) electron detachment branches of the molecular excitation spectrum hybridize with the conduction band continuum of the metal; (iii) the metal is a reservoir of electrons and the gas-metal interface can support directional flux of electrons; (iv) the electric field at the metal-gas interface accelerates electrons in the molecular continuum but not the localized molecular electrons. These properties are stable.
It is not at all new that internal degrees of freedom of atoms and molecules play a role in energy flow between metal electrons and molecules through transient retention of metal electrons by the internal degrees of freedom 16, 19 This report takes a position that the qualitative discussion of surface chemistry has to begin in the framework of scattering channels and in terms of their localization to a region of an interface.
Section III examines the empirical evidence and uses quantum chemistry models to describe the channels that contribute to the electron attachment-detachment events in eq. (1).
The products, (H 2 O) n , and the reactants, H 2 and O 2 , are electroneutral, but eq. (1) involves anionic intermediates at the metal-gas interface. Since the chemical process in eq. (1) is catalytic, the anionic intermediates are not permanent, and, by charge conservation, an intermittent charge flux from and to the interface is inevitable. The origin of the charge flux from the metal to the interface is the exothermic dissociative electron attachment to the H 2 and O 2 molecules that adsorb from the thermal gas through events such as
and
Here, the notation "A" reads as 'a chemical entity within the interface that has an appearance of an isolated A.' The origin of the charge transfer from the interface to the metal is the exothermic but activated electron detachment into the metal's conduction band from high energy negatively charged intermediates, which emerge in reactions such as hydroxyl dissociation and association,
dissociation of "H 2 O" or association of OH − and H − ,
For the associative electron detachment events to proceed, the total energy of the colliding anionic intermediates on the left-hand sides of eq. (6) and eq. (5) must exceed the minimum accessible threshold for electron detachment into the conduction band of the metal from the interface (the middle terms in eq. (4), eq. (5), eq. (6)), as an extended many-body system.
These minimum thresholds are the activation barriers for the electron detachment events.
The energy in excess of the thresholds distributes over the translational degrees of freedom of the electrons and molecules departing the interface and the internal degrees of freedom of the interface. Some of the electron detachment channels at the energies above the lowest accessible threshold for electron detachment couple to the channels that include the low internal energy neutral molecules and fast metal electrons. Section IV concludes the report.
II. PRELIMINARY EXAMINATION
There is the thermal gas of H 2 , O 2 , and H 2 O molecules ( fig. 1(a) ). There is platinum metal whose conduction electrons (e) form a pool of high density degenerate electron liquid moving in the background of the crystal field of the heavy, nearly harmonic Pt ions in the fcc crystal. To the left of the gas of molecules and to the right of the metal and everywhere in between lies the interface where the gas molecules may lose their chemical identity.
H 2 O from the right and e from the left arrive at, interact within, and leave the interface at the thermal initial rates, with the desorption of molecules into the gas and the electrons into the metal. In particular, the language of scattering theory is natural here.
Let the gas and the metal (the system) in fig. 1 (c) extend arbitrarily far along the normal to the interface. Let the propagation of electrons and molecules deep in the gas and deep in the metal be free, but not within the interface that includes a massive Pt(111) slab.
Then the many-body excitations of the system look like the internal and kinetic energy excitations of the free molecules deep in the gas, the internal energy excitations within the interface, and the excitations of the free conduction band electrons deep in the metal.
Under these assumptions, the language of the many-body scattering theory with respect to the asymptotic free dynamics of the conduction electrons deep in the metal and that of the free molecules deep in the gas applies.
A remark is called for. If a molecule or an electron leaves the interface into the gas or into the metal, then collisions randomize the initial momentum and energy at a distance of an order of several mean free paths. The fastest channel for energy relaxation of electrons in the high electron density metal Pt is scattering with the electrons and holes near the Fermi level at the length scale set by the inelastic mean free path, whose value GW calculations 30 estimate as around 5 nm for electron kinetic energies around the Schottky barrier heights.
Since the width of the bulk phonon bands (i.e., the Debye temperature) in Pt(fcc) is about 290 K 31 , a temperature comparable to those relevant in this report, phonons are excited throughout the Brillouin zone. In particular, some of these phonons have quasimomenta comparable to those of the electrons, and can significantly alter the propagation directions of the electrons without changing the kinetic energy of the latter. This is to say that elastic scattering increases the length of the paths that electrons have to travel from the interface to the Schottky barrier in the nearly isotropic e 6 band. This report does not discuss these dissipative effects any further. They are certainly important for the interpretation of the experiments, but are nonetheless conceptually secondary to the fast electron mechanism that this report focuses on.
This report adopts the standard nomenclature of many-body scattering theory 32,33 as follows. Let 1 be any subsystem of the system ( fig. 1(c) ). Let α = {A} be a partition of 1 into bound fragments. The total energy with respect to the center of mass at rest of 1 in an internal energy state |αν has a decomposition,
Here, the internal energy χ(αν) = Aν∈αν χ(Aν) is the sum of the internal energies χ(Aν) of the individual free fragments A with respect to their centers of mass at rest. The label αν = 0, 1, . . . orders the orthonormal states |αν according to increasing internal energy.
Then, a channel αν is the totality {|ανp } p of all those wavepackets that differ only by the translational degrees of freedom p of fragments whose internal degrees of freedom reside in the state |αν . The kinetic energy of the relative translational motion of the centers of mass of the free fragments in α is t(ανp). The threshold of the channel αν is the lowest possible energy in the channel αν, i.e., it is the internal energy χ(αν) (since t(ανp) ≥ 0). An arbitrary fully interacting state of 1 admits decomposition into wavepackets of the channels.
The S-matrix elements 33 S(ανpαν p ), which determine chemical reaction rates, link the free wavepackets in the past and in the future channels,
The S-matrix element connecting different channels in eq. (8) does not vanish only if the total energies in the initial and final channels coincide, and both the channels are open (i.e., the energy exceeds the thresholds for these channels).
The label ν at a given α describes internal degrees of freedom of the free bound fragments, which are exponentially localized. Changes in ν at a given α do not change the topological connectivity of the localized fragments. On the other hand, the label α describes the translational degrees of freedom of the centers of mass of exponentially localized fragments that run away from their common center of mass. It is a change in α that accounts for qualitative changes in the topological connectivity of the exponentially localized fragments upon adsorption-desorption or electron attachment-detachment. Hence, a proper object to deal with here is the eigenblock E(α), which packs all the channels of identical topological connectivity α. The partitions {α} of 1 are partially ordered with respect to the domination relation (α → α only if all the fragments in α belong or coincide with some fragments in α) 32, 33 . This partial order is natural since it classifies independent pathways of breaking up 1 into fragments at costs set by the differences in the break up thresholds. The lowest threshold, χ 0 (α) = χ(α0), is a monotone function in α, and χ(αν) is a non-decreasing function of ν within a given eigenblock E(α). Given a stoichiometric composition and a range of the total energies, it is convenient to depict in a graph the relation between those eigenblocks some of whose channels are open in the energy range. The eigenblocks E(α ) and E(α ) are adjacent in the graph if α 1 → α 1 for some α 1 and α 1 such that E(α 1 ) = E(α ) and E(α 1 ) = E(α ). The lowest threshold χ 0 (α) is then defined on the vertices of the graph and the edges bear labels χ 0 (α ) − χ 0 (α ). For example, fig. 3 (a) and fig. 4 (a) describe the break up of the systems H 2 + 2e and O 2 + 2e into free neutral atoms and electrons.
To account for the geometry of the adsorption system, from now on, let a channel αν decompose into the following spatially separated free contributions ( fig. 1 (c)):
Here, (αν) 0 is a channel that includes a single bound fragment containing the Pt(111) slab as a subfragment (i.e., α 0 is the Pt(111) slab and the electrons and H and O atoms localized within it). The subchannel (αν) + includes only the H-and O-bound fragments in the gas, the subchannel (αν) − -the electrons in the metal.
depicts an S-matrix element, which reads as 'an inbound channel αν from E(α) that has components from the gas in E(α + ), from the interface in E(α 0 ), and from the metal in
becomes an outbound channel α ν from E(α ) that has components from the gas in E((α ) + ), from the interface in E((α ) 0 ), and from the metal in E((α ) − ) because of the coupling through the S-matrix.
Diagrams [αν → α ν ] are global objects that do not point explicitly to where an event occurs within the interface. However, it is natural to think that diagrams [αν → α ν ] must arise from their localization to sites within the interface. Let a set of regions {U } (sites) cover the interface appropriately so that the content of a U can be labeled in a chemically meaningful way by any distinguished free channel (αν) 0 U that involves the set of the H and O atoms and the electrons within U for a long enough time. A choice of a particular {U } rests implicitly on a semiclassical assumption of meaningful uncertainties for simultaneous measurements of the total energy, linear momentum, and a particular H or O atom content during a long enough time compared to the duration of a reactive event within U . If the electrons of the metal scatter independently over U , the S-matrix is determined by a local
which reads as 'in a small region of the interface U , an initial channel αν that looks like free (αν) 0 U maps to a final channel α ν that looks like (αν) + propagating into the gas, (αν) − propagating into the metal, and (α ν ) 0 being the excited interface, and these channels are precisely all the channels such that the wavefunction at present concentrates mostly in a neighborhood of U '. Different parts of the inbound and outbound wavefronts are the result of interference of the wavefronts coming to or from local regions {U } of the interface so that the S-matrix expresses in terms of local diagrams. Let ζ U (αν) be the electric charge of (αν) 0 U that concentrates in U in the sense that it is the charge (in the units of the electron charge) of a free channel (αν) 0 U as if it were a part of the interface modulo any particle exchange with the environment. Let ζ U (αν → α ν ) denote the change in the bound charge at the interface along the diagram [αν → α ν ] U .
Among these conceivable diagrams, the change in the charge ζ U (αν → α ν ) selects reduction (ζ U (αν → α ν ) > 0), oxidation diagrams (ζ U (αν → α ν ) < 0), and redox diagrams (ζ U (αν → α ν ) = 0). Reduction diagrams lead to negatively charged intermediates, which are strongly bound at the interface at an internal energy whereas oxidation diagrams lead to intermediates of lower charges or to neutral products at an internal energy < . Those redox diagrams that can be cut into dual sequences of reduction and oxidation diagrams over a site U define electron pumps over U , which localize metal electrons along the reductive diagrams and delocalize the localized electrons along the oxidative diagrams. In a pump, the terminal channel of a reductive diagram, which is also the initial channel of the consequtive oxidative diagram, often involves several negatively charged interfacial intermediates.
If these intermediates must collide for the oxidative diagram to proceed forward, the repulsion barrier must impede the oxidative diagram. However, this barrier can be circumvented by discharging one of the colliding intermediates through electron emission in an auxiliary channel that couples appreciably to the terminal channel of the oxidative diagram. The lowest accessible threshold among the auxiliary channels that circumvents the barrier along a pump compatible with eq. (1) defines the activation barrier, χ = . If the total energy of the colliding fragments is ≥ χ = , then up to χ = − can become kinetic energy including that of the detaching translationally excited conduction electrons. Since < < χ = , the term 'threshold' is a bit of a misnomer. The negatively charged intermediates at are already in the electron detachment continuum, and should be considered as metastable resonances that destabilize at the energies above χ = . However, χ = should be related to thresholds for the 'free' channels.
The remainder of this report proceeds as follows. First, given a choice of sites {U }, energetically accessible reduction and oxidation diagrams over U need to be enumerated. Then, these diagrams define various redox pumps, which, in turn, define fast electrons as translationally excited electrons that emerge above the local 'thresholds' of the pumps. Fragments that define fast electron mechanisms can be diverse. Given a region U occupied by H and O atoms during a short enough time, nothing so far precludes fragments such as " The above discussion suggests that a minimal model of O 2 adsorption-desorption at a site U is the time evolution in the free system 2O + 2e that attaches to the site U by the interaction. In particular, the local diagrams in figs. 2(a) to 2(c) should play a role in O 2 adsorption on Pt(111). The channels of 2O + 2e system organize on the lattice in fig. 3(a) .
The nodes of the lattice are the channels, which belong to the products of the eigenblocks
, and E(e). By definition, the O ground-state multiplet 2p includes the ro-vibrational states of the term (3σ g )
The adiabatic ground state potential of X 2 Π g O − 2 dissociates to 2 P O − and 3 P O. It ceases to exist as a real-valued function in the region of the vertical electron autodetachment continuum at bond lengths shorter than l c ≈ 1.2Å (such that E(
In particular, the electron detachment continuum O 2 + e at > χ 0 (O 2 ) features the elec- The interaction between O 2 and the interface shifts the free channels in the energy, lifts the orbital degeneracies, and gives rise to bonding and antibonding bands due to the hybridization of the 2p O and the 5d Pt -orbitals at the interface. Figure 3(b) shows that the eigenblocks shift by the thresholds for desorption so that E("O − ") and E("O − 2 ") stabilize significantly with the former having the lowest energy while the neutral eigenblocks E("O") and E("O 2 ") remain nearly unaltered by the weaker physisorption interaction. Figure 7 shows the density of the electronic states at "O", and indicates how the electron acceptor antibonding π g LUMO of O 2 splits into π ⊥ and π components by the interfacial electric field, and then hybridizes with the platinum 5d bands at the interface. The bonding and some antibonding states are occupied by the electrons. In the saturation coverage structure, fig. 9(a) The above picture suggests that fast electrons may arise in oxygen desorption as follows (see fig. 3(b) ). Let The labels of the states in E(H 2 ) are those of the ro-vibrational states of the electronic term
However, the continuum spectrum in the channel H 2 + e exhibits resonances, which are associated with the electronic term X 2 Σ + u , and whose adiabatic potential dissociates into H + H − . The adiabatic potential of this term is not real, the width of the resonance that determines the imaginary part is about 1 eV 51 .
The interaction with the interface stabilizes the anionic eigenblock "H − + H − ", and must also push down the
and 1s H hybridize with the platinum 5d6s bands at the interface to give rise to the split bonding and antibonding bands. Figure 7 shows the density of the electronic states at "H". The excess electron density in fig. 9(a) indicates the excess of electrons at the 1s H orbitals of "H − " and the deficit of the electrons at the Pt 5d6s orbitals underneath. Furthermore, the workfunction changes by about −0.1 eV, which is consistent with charge transfer from the interface to H.
The bonding 1s H -metal states are 7.3 eV below the Fermi level. 
, translationally excited electrons emerge at the kinetic energies 0 U − χ("H 2 "ν). If furthermore χ 0 (H 2 ) < 0 U < χ(H 2 ν) rovibrationally and translationally excited H 2 emerge in the gas. In the H 2 adsorption, an initial channel (H 2 + Pt(111))ν couples to electron attachment channels at the same energy.
C. Events related to water formation and adsorption-desorption
Direct hydroxyl formation
Two distinct mechanistic regimes underlie eq. (1) Transition state theory calculations (see the Appendix) on the ground state adiabatic potential surface corroborates this picture. As figs. 9(a,b) show, the co-adsorbed "O − "
and "H − " must overcome an activation barrier, χ = OH(I) = 0.79 eV, during the up-hill step P 2 , before "OH − " forms during the down-hill step P 2 . As fig. 8(a) indicates, the excess electron density in fig. 9 (a) transforms from the initial 1s H -and 2p O -like distribution to a bond-centered distribution during P OH(I) , a fraction of the electrons redistributes to the nonbonding 1π OH , where they remain, while the rest return to the metal. The latter is indicated by the drop in the workfunction in fig. 9 (c) and by the increase in the delocalization entropy (see eq. (9)) in fig. 9(d) . With the charge now concentrated at the non-bonding lone pairs 1π OH , "OH − " assumes the O-end down position ( fig. 9(a) ). δs in fig. 9 (d) indicates charge transfer from the metal to the interface during P 2 ; δs then rises rapidly during the down-hill step P 2 . Hence, electrons flow from the metal to the interface during P 2 , and then return to the vacant states in the metal conduction band during P 2 . The energy that these electrons may take is estimated by the energy drop, δu OH(I) = 1.1 eV, during P 2 .
Direct hydroxyl hydrogenation
When another "H − " appears next to "OH − ", a water molecule may form. A model of an adsorption site U is the free system 2H + O + 3e whose lattice of channels fig. 6(a) shows. The eigenblock E(H 2 O) contains a finite sequence of ro-vibrational levels of the term
Since an electron does not bind to the ground state of an
, it has to be that E(H 2 O − ) = 0. However, the continuum of the system H 2 O + e includes electron attachment resonances, 1 2 B 1 (1b 1 → 4a 1 ) at around 6.5 eV 2 2 B 1 1b 1 → 4a 1 at around 8.5 eV, and 2 B 2 1b 2 → 4a 1 at around 11.8 eV 53 . Figure 6 (b) is a part of the lattice of channels for H 2 O + 3e on Pt(111). The channel "H 2 O + 3e" is the lowest in energy, which the channels "OH
Either an isolated "OH − " or "H − " is a bound state in U . However, when "H − " and "OH − " are nearby in U , the lowest energy channel is "H 2 O + 2e", and the false ground state "OH − + H − " becomes metastable. Nevertheless, the repulsion barrier between the two anions suppresses the direct diagram in fig. 2(l) . A diagram ["OH − + H − " → "OH − + H + e" → "H 2 O + 2e"] avoids the barrier, and the lowest threshold for the channel "OH − + H + e" serves as the activation barrier in fig. 2(l) .
Transition state theory calculations on the ground state adiabatic potential corroborate the latter picture. As fig. 9(a) shows, "H − " from an fcc hollow site migrates to a bridge site adjacent to the atop "OH − " during P 4 , and then moves towards the "OH − " along the asymmetric stretch of the nascent water molecule during P 4 . The energy in fig. 9(b) increases towards the activation barrier, χ
2 eV) to the minimum at "H 2 O" during P 4 . Meanwhile, the workfunction in fig. 9 (c) drops by −0.3 eV during P 4 , and then drops by −0.7 eV during P 4 , indicating charge transfer to the metal. The transport contribution to the entropy due to the electron emitted into the vacant conduction band in fig. 9 (d) stays nearly constant during P 4 but rapidly increases during P 4 . This behavior is caused by the emptying of the continuum of the H · · · OH LUMO (4a 1 )-derived states that host the excess charge before the transition configuration, H 2 O = as fig. 8(b) illustrates. In other words, H 2 O = is an "H · · · OH − " that is just about to desorb while simultaneously autoionizing into the metal conduction band.
The energy of about 1.2 eV may flow to the channels ("H 2 O + e"ν) with ν = 0 giving rise to electrons with the highest kinetic energy.
Disproportionation mechanism
If "H 2 O" is already within the interface, the disproportionation diagram in fig. 2 ( fig. 10(c) ).
Another mechanism of hydroxyl hydrogenation
An "(H 2 O)OH − " further recombines with a "H − " ( fig. 2(l) ) at an activation energy lower than that for "OH − " formation 54, 55, 57 . As fig. 11 shows, a pair of hydrogen-bonded "OH − "
reside at the bridge sites near an "H 2 
. The kinetic energy of the departing electron can be as high as
IV. CONCLUDING REMARKS
This report describes qualitative aspects of a mechanism of electronic excitations, which likely contributes to a flux of fast electrons during catalytic hydrogen oxidation on Pt(111).
Translational excitation of the electrons in the metal during eq. (1) A quantitative picture of the fast electron mechanism falls beyond the intended scope of this report. Nonetheless a qualitative argument can be made as follows. The interaction that couples the channels is due to the dynamically screened electric field in the metal and the molecular electric field that act together upon a detaching electron. A decaying negative charge distribution creates the screening charge below it. This screening charge is not instantaneous, and the screening field lags behind the source field at the frequency scale of an order of the plasma frequency, which is about 6 eV in Pt. The energy of 1 − 1.2 above the ground state of "OH − + e" or "H 2 O + e" is not small compared to the response time of the metal. The Lorentz force due to this screening electric field and the molecular electric field transfers the momentum to the detaching electrons. This energy transfer mechanism should enhance the scattering into the channels "OH − + e"ν and "H 2 O + e"ν at low ν where the electron kinetic energy ( 
V. APPENDIX A. Numerical density functional model
The workfunction change, δχ = xδρ dz, estimates the adiabatic change in a part of the charge distribution that localizes at the interface. Meanwhile, the entropy change
due to electron delocalization into conduction band quantifies the likelihood of the charge localized at the interface to flow into the vacant delocalized states of the conduction band. The same lattice of the non-equivalent channels after the energy shift due to the interaction (as deduced from the values of the empirical desorption energies). The arrow labels in (a) and (b) are the differences between the experimental values 13, 28 of lowest thresholds for the terminal and initial eigenblocks (in eV). The same lattice of the non-equivalent channels after the energy shift due to the interaction. The arrow labels in (a) and (b) are the differences between the experimental values 13, 28 of lowest thresholds for the terminal and initial eigenblocks (in eV). The same lattice of the non-equivalent channels after the energy shift due to the interaction. The arrow labels in (a) and (b) are the differences between the experimental values 13, 28 of lowest thresholds for the terminal and initial eigenblocks (in eV). 
